Marine and coastal ecosystems -and thus the benefits they create for humans -are subject to increasing pressures and competing usages. For this reason, the European Union (EU) adopted the Marine Strategy Framework Directive (MSFD), which is to guide future maritime policy in the EU and aims at achieving or maintaining a good environmental status (GES) of the European seas by 2020. To this end, the MSFD requires the development of improvement measures, which have to be assessed inter alia by examining their cost-effectiveness and by carrying out cost-benefit analysis (CBA) before their implementation.
Introduction
Marine and coastal ecosystems are important for humans in multiple ways. They provide a number of goods and services which are used directly and indirectly by humans. These goods and services include the provisioning of food, energetic and mineral resources but also the regulation of important ecological functions such as the climate system. Moreover, the ocean offers transport routes and recreational opportunities. However, marine and coastal ecosystems -and thus the benefits they create for humans -are subject to increasing pressures and competing usages (Nunes, Ding and Markandya, 2009; Luisetti et al., 2011) . These pressures result e.g. from intensified fishing efforts, nutrient enrichment, increasing maritime transport, pollution, noise, sediment sealing and increasing ocean acidification caused by anthropogenic CO 2 emissions.
Despite their great importance, goods and services provided by marine and coastal ecosystems have received far less attention than those provided by terrestrial ecosystems -maybe due to the difference in access and direct experience (COWI, 2010; TEEB, 2009) .
From a European policy perspective, increasing threats to the marine environment resulting from human use have been recognized, and there are several regulations that aim at managing the human impact on the marine environment.
1 Most recently, the European Union (EU) adopted the Marine Strategy Framework Directive (MSFD 2 ) in 2008, which is to guide future maritime policy and aims at achieving or maintaining a good environmental status (GES) of Europe's seas by 2020. The MSFD requires an assessment of how humans use the marine environment and the development of action plans and explicit measures to achieve a GES by 2020. Before their implementation, these measures inter alia need to be assessed by examining their costeffectiveness and by carrying out cost-benefit analysis (CBA).
While the costs of such improvement measures are often relatively easy to determine, e.g. in terms of foregone revenues, the determination of the associated benefits is more challenging for at least two reasons. The first difficulty is to trace how a change in the marine biosphere (e.g. less marine litter or lower levels of nutrient loads) that leads to a change in the provisioning of ecosystem goods or services finally affects benefits for humans. Second, the associated benefits need to be quantified in monetary terms to carry out a CBA. Many ecosystem goods and services, particularly those created in a marine environment, are not traded on markets and thus prices, as 1 Measures taken include the introduction of marine protected areas, fishing quotas, and measures to prevent pollution. There are two international conventions that focus on the North Sea and the Baltic Sea respectively, the Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR, 1992) and the Convention on the Protection of the Marine Environment of the Baltic Sea Area (HELCOM, 1974) . The European Water Framework Directive (WFD, 2000) is related to the provisions of OSPAR and HELCOM, as it aims at establishing a framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater. an indicator for values, do not exist. Environmental valuation methods can be used to value such non-market goods and services.
The aim of this paper is to discuss the challenge to value marine ecosystem goods and services in the context of the MSFD, which requires the application of an ecosystem-based approach to the management of human activities affecting the marine environment (Art. Our paper contributes to the existing literature by assessing the limitations of environmental valuation and CBA in the marine context and by highlighting the possible consequences; the environmental effectiveness of the MSFD might be hampered and the GES might not be achieved.
Existing valuation studies, for example, tend to look at changes in tangible benefits like recreation and food provisioning but mostly ignore changes in more intangible benefits derived e.g. from ecosystem functioning or resilience. However, it might be these services that are more important for sustainable development and society as a whole. A CBA that ignores such services will most likely underestimate the true value of marine ecosystem goods and services significantly. Since the costs of improvement measures are easier to determine, this in turn might reduce the probability of measures being implemented.
To illustrate our reasoning, we consider the example of eutrophication, listed as a pressure in the MSFD (App. III, Table 2 MSFD), in more detail. Unlike other pressures, eutrophication is one of the few pressures identified by the MSFD that is scientifically relatively well understood and for which a number of economic valuation studies exist. Moreover, eutrophication is one of the leading causes of water quality impairment around the world and a major problem in Europe. 5 We combine background knowledge from natural sciences with economic methodologies and reconsider the concept of total economic value (TEV) applied to this complex environmental problem to better demonstrate the challenges for economic assessments. To our knowledge, we are the first to identify gaps in knowledge that might affect the environmental effectiveness of the MSFD, based on the most recent studies that evaluate economic benefits of eutrophication reductions, and also taking into account the recommendations prompted by the Millennium Ecosystem Assessment (MEA, 2005) as well as the study on The Economics of Ecosystems and Biodiversity (TEEB, 2010) , and their reflection in the MSFD requirements. In particular, we show that the complex interactions between ecological effects and human well-being considerably increase the challenge for environmental valuation in the marine context.
The paper is organized as follows. In Section 2, we present the main MSFD requirements with a special focus on the provisions that contain economic terms. In Section 3, we highlight important concepts underlying economic valuation of ecosystem goods and services, briefly review economic valuation methods, and relate them to the marine context. In Section 4, we sketch the ecological aspects of eutrophication, and highlight the complexity of the interactions between ecological eutrophication effects and human well-being. Moreover, we review the valuation literature on eutrophication in European seas and illustrate the challenges of environmental valuation and CBA in the context of eutrophication. In chapter 5, we discuss in detail the implications for the environmental effectiveness of the MSFD that are implied by the economic requirements of the MSFD, by the nature of the environmental valuation methods, and by the interdisciplinary nature of environmental valuation. Section 6 concludes.
Requirements of the MSFD
The aim of the MSFD is to effectively protect the marine environment in Europe and to sustain the associated natural resource base, which is essential for a number of marine-related economic and social activities. To this end, the MSFD aims at achieving or maintaining a GES of Europe's seas (Baltic Sea, Northeast Atlantic, Mediterranean Sea, and Black Sea) by 2020 (Art. 1.1 MSFD). The MSFD constitutes an important cornerstone of the EU's future maritime policy and aims at promoting the integration of environmental considerations in all relevant policy areas (Preamble, no. 3 MSFD) .
To this end, the MSFD requires EU MSs to develop marine strategies for their marine waters (Art.
5.1 MSFD) in order to preserve or restore marine ecosystems and prevent their deterioration (Art.
1.2 (a) MSFD). These marine strategies shall apply an ecosystem-based approach to the management of human activities affecting the marine environment and ensure a sustainable use of marine goods and services by present and future generations (Art. 1.3 MSFD). The marine strategies shall include i.) an initial assessment of the current environmental status of the marine waters, including the environmental impact of human activities thereon, ii.) a description of the GES, including the selection of a series of environmental targets and associated indicators, iii.) a monitoring program for the ongoing assessment and regular updating of targets, and iv.) a program of measures designed to achieve GES (Art. 5.2 (a-b) MSFD).
To take account of the trans-boundary nature of marine waters, the MSFD defines marine regions and subregions according to geographical and ecological criteria. MSs sharing a marine region or subregion shall cooperate in developing their national marine strategies to ensure coherence and coordination (Art. 5.2 MSFD). The MSFD also requires MSs to take into account trans-boundary effects of measures in the same marine region or subregion (Art. 2.1; also Art. 8.3(b), 14.1(d),
13.8).
The MSFD explicitly requires MSs to take into account social and economic aspects when preparing and implementing their marine strategies. The four key economic requirements of the MSFD are presented in the following:
6
• Initial assessment of a MS's marine waters, including economic and social analysis (ESA) of the use of those waters, and of the cost of degradation of the marine environment (Art.
8.1(c) MSFD)
6 See COWI (2010) for a more detailed review of the economic requirements of the MSFD.
• Establishment of environmental targets and associated indicators describing GES, including due consideration of social and economic concerns (Art. 10.1 in connection with Annex IV, no. 9 MSFD)
• Identification and analysis of measures needed to be taken to achieve or maintain GES, ensuring cost-effectiveness of measures and assessing the social and economic impacts including cost-benefit analysis (Art. 13.3 MSFD)
• Justification of exceptions to implement measures to reach GES based on disproportionate costs of measures taking account of the risks to the marine environment (Art. 14.4 MSFD) 
Underlying concepts
As mentioned in the previous chapter, the MSFD requires the application of an ecosystem-based approach to the management of human activities. This approach should also be followed when marine strategies, including the programs of measures to achieve a GES, are designed (Art. 1.3 MSFD). It acknowledges that intact marine ecosystems provide a wide variety of benefits to society through the goods and services they offer. Moreover, it emphasizes that ecosystems as a whole are important for humans. There are different approaches used to categorize ecosystem goods and services and the benefits they create for humans; two very important ones are the approach of the Millennium Ecosystem Assessment (MEA, 2005) and the approach of the total economic value (TEV; Pearce and Turner, 1990 ).
The MEA approach highlights the complex interactions between ecosystem services, human behavior, and well-being. While humans impact on ecosystems directly and indirectly and on different scales, this alters the services provided by ecosystems, which then influences human well-being and feeds back into decision-making and direct and indirect drivers of change (TEEB, 2010) . Ecosystem services are grouped into provisioning, regulating, cultural, and supporting services (MEA, 2005) . Relating to marine ecosystem services, provisioning services include the supply of fish, seafood, and medicinal plants. Regulating services include climate regulation, and water purification. Cultural services include spiritual, aesthetic, and recreational values, and supporting services include habitat provisioning and primary production (see also 
Provisioning services Regulating services
• Provision of food
• Provision of genetic resources/medicine
• Provision of energy (wind, wave, tide)
• Provision of other renewable resources for other purposes (jewelry, souvenirs, etc.)
• Provision of non-renewable resources
• Provision of space and transport routes
• Gas and climate regulation
• Storm and flood protection
• Erosion control
• Bioremediation of waste
• Water purification and detoxification
Cultural services Supporting services
• Recreation and leisure
• Aesthetics and inspiration
• Cultural heritage and identity
• Spiritual and religious values
• Science and education
• Primary production
• Biogeochemical cycling
• Ecosystem stability and resilience
• Habitats
• Food web dynamics
• Biodiversity Classification based on Arcadis Belgium (2010).
Ecosystem goods and services thus provide benefits to humans but their protection is costly.
Consequently, measures that aim at protecting the marine environment may carry opportunity costs, and there will always be a need to choose between different conservation measures or to weigh conservation against other investment opportunities. Choosing between different measures or policies requires a thorough analysis of the pros and cons, the benefits and costs related to each of them. There are different forms of appraisal that use different sets of decision criteria. Box 1 provides a short overview of important appraisal methods.
An assessment of the costs and benefits related to a measure to protect the marine environment needs to distinguish between a financial and an economic analysis and thus between prices and values. Price, which is mostly used in financial analysis, is only that portion of value which is realized in markets. If markets are competitive and function without further distortions, prices may be a good approximation for value, i.e. for the relative scarcity of a good or service. If public goods are concerned or external effects exist, prices are biased and do not reveal the value attached to an ecosystem good or service. For most environmental goods and services, markets and thus prices do not exist at all. Economic analysis aims at unveiling the value of a change in the provisioning of such goods and services, incorporating as many constituents of value as possible (Turner et al., 2010; Bateman et al., 2011) .
While it is often relatively easy to determine the costs of conservation measures, e.g. through foregone revenues, it is much more difficult to elicit the associated benefits of these measures.
Environmental valuation provides a way to make explicit in monetary terms the benefit flows generated by natural capital stocks and the effects of human decisions on these benefit flows.
Environmental valuation takes an anthropocentric view and is based on people's preferences for ecosystem goods and services. This implies that values can only be assigned to ecosystem services in so far as they fulfill human needs or bring about satisfaction for humans, thus contributing directly or indirectly to human well-being. Several methods have been developed that aim at eliciting the value people attach to ecosystem goods and services (see chapter 3.2). All methods have in common that they investigate how people's preferences are affected if there is a marginal change in the provisioning of a certain ecosystem good or service. Therefore, environmental valuation is not suited for the valuation of whole ecosystems. Moreover, environmental valuation is subjective and context-dependent (TEEB, 2010; Turner et al., 2010) .
Box 1: Methods for project appraisal
One method, which is often used for project appraisal, is cost-benefit analysis (CBA Figure 1 for an overview of existing valuation methods and their applicability in the context of the TEV.
Direct market valuation methods
The market price method estimates economic values for ecosystem goods or services that are bought and sold in commercial markets, e.g. the market for fish and fish products. 8 Direct and
indirect use values can be captured but not non-use values.
The production function method estimates how much a certain ecosystem service contributes to the provisioning of another ecosystem good or service, which is typically traded on commercial markets. This method is able to capture indirect use values.
Revealed preference methods
Individuals can buy market goods and services to defend against negative environmental impacts (averting behavior). In the marine context, an example could be special shoes that are bought because a beach is littered. This approach can capture direct and indirect use values.
The hedonic method assumes that property prices are determined by the characteristics of the property, including environmental characteristics such as a pleasant view. The value of ecosystem goods and services would thus be capitalized into property prices. Hedonic pricing can measure direct and indirect use values but its applicability in the marine context is limited.
The travel cost (TC) method is a survey-based method used to estimate recreational values associated with ecosystems or sites. Today, studies are mostly based on random utility models (RUM) to value changes in the quality or the quantity of an environmental characteristic at a particular site. The approach captures direct use values.
Stated preference methods
The contingent valuation (CV) method uses questionnaires to create a hypothetical market and to ask people for their WTA or their WTP for a change in a certain ecosystem service. The approach can, in principal, capture all elements of the TEV. However, surveys need to be explicit about the type of value that is to be elicited.
In choice experiments (CE), people are asked to choose among sets of ecosystem services or environmental characteristics. Unlike CV, people are not directly asked for their WTP or WTA.
This information is inferred from the trade-offs they make. For example, people can choose between different scenarios of water quality, characterized by different attributes such as water clarity or species abundance and the price that would have to be paid to achieve this state. Choice modeling can, again, capture all elements of the TEV.
Stated preference methods are very flexible and can be applied to a wide range of contexts. Also, they are the only methods that can estimate non-use values. It seems plausible to assume that in the marine context, where ecosystem goods and services are less visible than on land, non-use values are particularly significant.
Benefit transfer
Benefit transfer consists of an analysis of information provided by one single valuation study or a group of studies from the existing literature to value similar goods or services in another context. Each of the valuation methods presented in this chapter has characteristic advantages and disadvantages and may be suited only for the valuation of certain ecosystem goods and services (DEFRA, 2007) , but a comprehensive review of these specific advantages and disadvantages is beyond the scope of this paper. For an overview see TEEB (2010), Bateman et al. (2011), and Turner et al. (2010) .
Eutrophication in European marine and coastal ecosystems

Interrelation between the ecological and the human dimension
Eutrophication remains a major problem in all enclosed seas and sheltered marine waters across the pan-European region (EEA, 2007) . 9 The effects of eutrophication are most pronounced in regional seas which have a combination of a high population density in the catchment area and physiographic characteristics predisposing the sea to nutrient enrichment (HELCOM, 2009), such as the Baltic Sea or the Mediterranean Sea. Eutrophication causes complex changes within ecosystems. These changes in the biophysical sphere influence the extent to which marine environments are able to provide ecosystem goods and services to humans. Consequently, also human activities and benefits will be influenced by changes in the environmental state of the seas. MSFD if an ecosystem-based approach is to be followed.
The ecological dimension
The starting point of the assessment is a decrease of the pressure "nutrient and organic matter enrichment" (Annex III, Table 2 MSFD) . 10 This is shown at the top of Figure 2 . One of the most prominent and direct effects of a reduction of nutrient inputs would be a decrease in phytoplankton productivity and biomass as well as a decline of short-lived macroalgae stocks.
Subsequently, the pressure reduction would induce complex changes in the structure and functioning of the entire marine ecosystem and an increase in ecosystem stability. These changes are described in more detail below and illustrated in the upper part of Figure 2 .
The solid, green arrows in Figure 2 indicate a positive relationship between the two states in the two neighboring boxes. For example, higher water transparency induces a higher stock of seagrass 9 The term eutrophication describes water conditions in which excessive amounts of nutrients such as nitrogen (N) and phosphorus (P) lead to a series of undesirable effects. In Europe, nutrients are transported to seas via rivers, direct discharges from sources along the coast and atmospheric deposition (HELCOM, 2009). The main human sources for eutrophication in the Baltic Sea can be divided into point sources such as industrial or municipal wastewater plants and diffuse sources such as agriculture and airborne loads e.g. from road traffic (HELCOM, 2009 ). In the Mediterranean Sea, urban wastewater discharges are important nutrient sources, particularly when they are untreated (EEA, 2006) . In the Black Sea, the two major sources for eutrophication are riverine nutrient transport and atmospheric deposition, followed by direct discharges from large wastewater plants (BSC, 2009) . 10 We focus on pressure reductions because the MSFD requires CEA and CBA to be carried out specifically to analyze improvement measures, which aim at maintaining or restoring a GES. Reduced nutrient enrichment would induce less murky water owing to blooms of planktonic algae, fewer mats of macroalgae at shores, increased distribution of benthic habitats such as eelgrass meadows due to enhanced light penetration, and less oxygen depletion resulting in fewer deaths of benthic animals and fish as well as decreasing occurrences of toxic algal blooms. Moreover, the decrease in primary production induces a decrease in sedimentation of organic matter to the seafloor (HELCOM, 2009; Claussen et al., 2009) . Additional effects include enhanced CO 2 capture capacity due to increased kelp forests and lesser production of toxic H 2 S, which can induce death of fish and benthic invertebrates (OSPAR, 2010).
The human dimension
The ecosystem services impacted by reduced eutrophication (sketched in the middle of In addition to these changes in use values, also non-use values and option values are positively influenced by a reduction in eutrophication. Lesser degrees of eutrophication would increase the ecosystem`s ability to react to future disturbances and thus the option to provide a stable flow of ecosystem services in the future. Moreover, non-use values would be increased because of the increase in some species stocks or the amelioration of the ecosystem as a whole.
Economic valuation of eutrophication effects in Europe
As has become evident in the previous chapter, eutrophication causes complex changes within ecosystems and has been recognized as a major pressure for the European marine environment.
Moreover, it has considerable impacts on the provisioning of ecosystem goods and services and human well-being. Despite the relatively large literature on natural science aspects of eutrophication, the economic valuation literature on eutrophication is relatively small and information is rather fragmented. Table 2 summarizes the findings of the valuation literature on eutrophication in European marine and coastal ecosystems. 11 Short summaries of the valuation studies are provided in the Appendix of this paper.
The literature overview demonstrates that there are still considerable gaps in knowledge, particularly if one takes into account the ambitious provisions of the MSFD concerning the application of economic CBA and CEA based on an ecosystem-based approach. These gaps refer to i.) the regional focus of the valuation studies, ii.) the relation of the benefit to the initial reduction in nutrient inputs, iii.) the category of ecosystem services that is considered, and iv.) the category of values and benefits that is covered. In the following, we discuss these individual gaps in more detail.
The first gap relates to the regional focus of the studies. All studies have a clear regional focus, with the majority of them having been carried out in Scandinavian countries. However, the last systematic and coordinated research effort to value the benefits of water quality improvements for the Baltic Sea, the Baltic Drainage Basin Project (BDBP), dates back to the 1990s (Turner et al., 1999) and may be considered outdated. Since then, mostly isolated valuation studies with a local or regional focus have been carried out. 12 In particular, there are only very few studies that value eutrophication effects for the other European seas (see Table 2 ). The isolated nature of most existing studies hinders a straightforward comparison between the estimated values. The second gap, which is mentioned in virtually all of the studies, is the missing link between nutrient loads and resulting effects on benefits. A viable CBA that analyzes the effects of reduced eutrophication would require the relationship between drivers and benefits to be established. So far, in the case of eutrophication, costs have mostly been expressed as cost per ton of nutrient reduction; and these costs depend on the kind of measures taken. Benefits, on the other hand, are expressed in terms of benefit for a certain quality increase.
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Consequently, costs and benefits cannot be linked directly to the same improvement measures and are thus not directly comparable.
Since the work of the BDBP, many studies have assumed that a certain reduction of nitrogen (N) and/or phosphorus (P) discharges, mostly by 50%, will induce a certain good ecological status (GEcS) of the Baltic Sea, e.g. the one that persisted during the 1960s. 14 In these studies, people are asked for their maximal WTP to achieve this GEcS compared to the current condition. A viable comparison between costs and benefits would only be possible if a measure or a bundle of measures to achieve this GEcS could be defined. This would require the usage of detailed ecological models.
However, the linkages between pressure reduction and benefit effects can be complex and there may be interactions and feedback effects. Some work has been carried out to advance interdisciplinary research and to extend the degree of understanding of these issues (e.g. in Hyytiäinen et al., 2009 ). But Huhtala (2009) acknowledges that there are still gaps in the "understanding of key physical, chemical, and biological processes governing nutrient cycling in the Baltic Sea" and that knowledge is lacking to forecast the response of the environment to changes in nutrient loading. In addition, there is even less knowledge about eutrophication effects and links to benefits for the other European seas. However, exactly this type of knowledge is needed to fulfill the requirements of the MSFD to follow an ecosystem-based approach in the appraisal of improvement measures.
The third identified gap regards the types of benefits that are analyzed in the valuation studies.
Apparently, most of them focus on recreational benefits. However, the activities subsumed under recreation vary across studies. Most valuation studies for Sweden, for example, ask respondents for their recreational activities including sunbathing, swimming, enjoying the outdoors and surfing as well as, e.g., recreational fishing. Other studies, only consider recreational fishing on its own (Olsson, 2004 Figure 2) . Moreover, non-use values are mostly not mentioned explicitly in the studies, though these values might be included in the results, depending on what the respondents thought of, when they answered the survey questions. The scope of benefits included in the valuation depends crucially on the scenario description provided to respondents.
In principle, the CV method is able to capture the TEV in the sense that people may express their WTP for a certain change in environmental quality taking into consideration a whole range of reasons. Söderqvist (1998) 
The role of economics for determining GES
One important part of the MSFD is the definition of a GES based on scientific criteria such as physical and chemical features, habitat types, biological features and hydro-morphology. In addition, social and economic concerns should be taken into account (Art. 10.1 in connection with Annex IV, no. 9 MSFD). So far, however, socio-economic criteria have not been discussed in detail in the process of defining GES but rather as a separate issue, relevant above all for the initial assessment required by the MSFD. As a consequence of this separation, the definition of the GES will be based on expert knowledge and findings from natural sciences only. Thus, the environmental targets of the MSFD would be defined without taking into account optimality and efficiency criteria regarding the trade-off between environmental and socio-economic effects. Instead, the MSFD's intent to reach the GES by 2020 can be considered a political objective, based on insights from natural sciences irrespective of social and economic consequences. We do not argue that this would necessarily lead to wrong results. Still, it decreases the possibility to find efficient targets in the sense of a reasonable weighting of the related social costs and benefits.
The role of economics for the development of improvement measures
The overall aim of Art. 13 MSFD is to ensure that the chosen program of measures allows reaching the GES at least costs. CEA is a suitable tool to choose between a variety of proposed measures designed to achieve the same pre-defined target. This would be the case if the targets have been determined by GES indicators before selecting the measures. Only costeffective measures or bundles of measures should then be considered for implementation.
CBA, on the contrary, is a tool that allows prioritizing measures with different targets and different costs. It would thus be more suited to discuss measures and targets simultaneously.
Therefore, more clarity of Art. 13 MSFD regarding the policy-decisions which are to be informed by the economic considerations is needed to choose the correct methodology (COWI, 2010).
However, even if targets are determined e.g. by GES indicators, CBA might still offer the opportunity to prioritize measures among regions and over time. It is, for example, possible to determine where and when welfare gains of measures will be highest. This is closely related to the economic analysis of the cost of degradation carried out during the initial assessment (COWI, 2010).
In addition, even if targets are determined before measures are chosen, so that CEA will be the main tool to choose among measures, each (cost-effective) measure that is considered for implementation would also have to be evaluated with the help of CBA if Art. 13.3 was interpreted literally. Measures would only have to be taken as long as benefits exceed costs by a certain amount. This also implies that the results of the CBA will be of particular importance to defend situations in which a MS intends to take no action to maintain or restore the GES.
The role of economics for the justification of exceptions
Another issue that needs further clarification is the role of economic analysis for the justification of exceptions due to disproportionate costs of measures -a problem that has been and still is prominent in the context of the WFD. Disproportionate costs as mentioned in Art.
14.4 MSFD can be verified by looking at the cost-benefit ratio ( The reason for this is that information on costs and benefits related to measures to reach a GES of marine waters is scarce, and its inference is connected to large uncertainties. As a consequence, special attention should be given to the question if a valuation approach is able to capture the TEV and thus the total benefit of a certain improvement measure. In many cases, eliciting mechanisms tend to underestimate total benefits. This would favor the justification of exceptions and hinder environmental effectiveness of the MSFD.
Consequently, qualitative data on benefits should be included in the decision-making process in order not to neglect the major components of the benefit. Moreover, this would call for an ecosystem service approach rather than just focusing on financial benefits in order to capture the whole value of marine protection measures.
It can be expected that this question will be discussed more intensely in the future during the implementation phase of the MSFD. In particular, it will be necessary to define an appropriate CBR during the political process. For cases where monetization of benefits does not seem sensible, other measures to weigh costs and benefits need to be developed and applied.
International cooperation
International cooperation will be much more important for the implementation of the MSFD than for the implementation of the WFD due to its regional coverage. The provisions of the WFD refer to river basins, which are mostly located within one country, though they may be shared by two or more countries. The MSFD, however, implies a substantially higher effort to account for cross-border effects as it refers to marine regions or subregions that are shared by a number of littoral countries (Eftec/Enveco, 2010) .
The literature review in chapter 4.2 on eutrophication showed that valuation studies have mostly been carried out for single countries, predominantly in Scandinavian and Baltic countries. However, these studies often assume that eutrophication effects are to be alleviated by internationally coordinated action because action in one country would not be sufficient to reach a GEcS. Naturally, the studies do not provide details on how internationally concerted action is to be achieved and granted. But particularly the fact that the management of marine resources has to take into account trans-boundary effects and requires international cooperation increases the challenges posed by the MSFD.
Referring to the analysis of cost-effectiveness, for example, the question arises whether costeffectiveness should only be assessed within one country or also across European countries.
As has been demonstrated by empirical studies, for international environmental problems the same abatement goal can be achieved with considerably lower costs if cost-effectiveness is analyzed across countries (see e.g. Neumann and Schernewski, 2001) . Moreover, measures taken in one country may be more efficient than the same measures taken in other countries.
However, the spatial distribution and heterogeneity of costs and benefits related to improvement measures adds an additional dimension to the policy problem, calling for more intense international cooperation. In some cases this might also have to include international compensation schemes.
Issues related to the nature of environmental valuation
Incomplete representation of the TEV
This issue is touched upon in chapter 5.1 and underlined by the literature that we review in chapter 4.2. In particular, our review revealed that the existing valuation studies on eutrophication mostly focus on one category of benefits, namely the benefits generated by the cultural service recreation. Other possible effects of reducing eutrophication, e.g. those on fisheries and recreational fisheries, health, climate and transportation, are neglected. In this context, particular attention needs to be drawn to the concept of option value.
Increasing economic activities coupled e.g. with higher nutrient emissions and pollution throughout the drainage basin of the Baltic Sea has led to higher vulnerability of the ecosystem (Turner et al., 1999) . The question is how the option value of maintaining or restoring the GES of an intact marine environment should be elicited. In the study by Söderqvist (1998) , 7% of the respondents stated that reducing eutrophication would be important for the future. Still, it is questionable whether this is sufficient to estimate an option value. Instead, the valuation of option values and indirect use values resulting from reducing the pressures listed in the MSFD should be subject to more scientific investigation from the natural science perspective.
Preference Uncertainty
Valuation studies are based on the assumption that people have well-defined preferences for the provisioning of ecosystem services, which exist independently of the experiment or survey being carried out. Empirical evidence however suggests that people are uncertain about their preferences (TEEB, 2010). Moreover, it is possible that preferences are formed only during the experiment or survey if people have not been aware of the problem at hand before.
Consequently, the question arises whether e.g. the mentioning of other people or future generations using the sea would elicit existing preferences or whether this would induce preferences that did not formerly exist. This issue is also important for determining the benefit of improving environmental conditions in open waters. The question is whether preferencerelated elicitation measures are appropriate to define the benefit of changes that are not experienced directly by people (Nunes, Ding, and Markandy, 2009 ). Eutrophication, for example, can lead to a wide area of "seafloor deserts" in open waters, where marine life is killed by oxygen depletion, lack of light and sedimentation. The question is whether people really value an amelioration of such conditions and, in addition, how economists should deal with the problem that people are mostly unaware of such issues until they are confronted with them during the surveys.
On the other hand, there is evidence that people actually do value the existence of undisturbed ecosystems, particularly marine ecosystems. This becomes obvious e.g. via the large number of TV documentaries that is produced and watched by people. Consequently, at least part of the population has preferences regarding the importance of marine ecosystems and seems to attach positive values to their current and continuing existence.
Marginality, non-linearities, thresholds, and irreversebility
Decision-making in terms of CBA for project appraisal requires information on marginal changes of ecosystems. In the context of marine ecosystem services, this could be a small change in the area affected by eutrophication or a relatively small change in the water quality.
Marginal analysis also requires information on the transition path the ecosystem might take if the current state is disturbed. In the case of a full coral reef system, for example, this transition path may be stepped, while it may be relatively smooth for the invasion of alien species into an area. Consequently, the impacts of human actions on ecosystem functioning might not be linear. For example, an ecosystem might seem unaffected by a human perturbation until a certain point is reached, which induces a sudden and drastic change in the state of an ecosystem. The assumption of linear behavior in economic analysis could thus lead to biased policy decisions if underlying ecological processes are indeed non-linear (Turner et al., 2010) .
The possible existence of non-linearities is particularly important in the context of the initial assessment required by the MSFD, which shall also include the analysis of the possible costs of degradation if no action is taken to improve the conditions of the European seas. In this case, the costs of inaction could increase substantially if non-linear effects occurred in the behavior of marine ecosystems. The ecosystem-based approach mentioned in the MSFD would thus require taking such effects into account.
Moreover, it has become obvious in the study of ecosystems that thresholds may exist beyond which a drastic change in the state of an ecosystem occurs. Such a behavior is not compatible with marginal economic analysis, which assumes continuity of the benefit provision. Crossing these thresholds may in addition be irreversible if it is not possible to restore the initial state of the ecosystem. (Ledoux and Turner, 2002; Turner et al., 2010) .
The MSFD mentions the precautionary principle and states that the programs of measures and the actions of the MSs should be based on it (Preamble, no. 26 and 44 MSFD) . Still, the precautionary principle is only mentioned in the preamble of the MSFD and not in its main part, and there are no specific provisions that regulate its application.
Issues related to the knowledge about the natural science background and the interrelation with human well-being
Though natural science is starting to shed light on the functioning of ecosystems and the creation of ecosystem services, important links between ecosystem functioning, ecosystem services and human benefits are still poorly understood, which makes a robust CBA even more difficult . One example is the role of biodiversity for ecosystem functioning and the provisioning of ecosystem services (TEEB, 2010) . Uncertainty is even more prevalent in the context of marine ecosystem services, particularly those services which are not so visible and removed from people's direct experience, e.g. climate regulation (Remoundou et al., 2009 ).
This lack in knowledge complicates the implementation of the MSFD and the required economic valuation exercises. The design of CEs, for example, requires intense collaboration with natural scientists and a careful pilot phase to create realistic scenarios (Kosenius, 2010) . Gren, Söderqvist, and Wulff (1997) describe the integrated tools and steps that would be necessary to obtain complete information and acknowledge that even for eutrophication there is no complete picture. So far, only some work has been carried out to advance interdisciplinary research on eutrophication and to extend the degree of understanding of these issues . Moreover, the lack of comparable data across all seas still presents a major obstacle for pan-European marine assessments, even of well-known problems such as eutrophication. More and better data are needed to develop a pan-European marine protection framework that addresses environmental issues in a cost-effective way (EEA, 2007) .
For the example of eutrophication, the literature review in chapter 4.2 revealed that most of the studies on eutrophication are relatively old and that information is rather fragmented in geographical but also in methodological terms. New data is needed on the status of the European seas, on necessary nutrient load reductions and on the costs and benefits of these reductions to inform decision-making regarding the measures that need to be taken to reach GES. However, the literature on eutrophication is even further developed than the literature on waste, pollution, noise or other threats to the marine environment, which are also covered by the MSFD. Consequently, the MSFD poses a huge challenge for policy-makers and researchers.
In addition, there are complex interactions between the different pressures and target indicators listed in the MSFD. More research is needed to account for interrelations and feedback effects between them. Consequently, a detailed analysis is needed in order to determine the effect of a reduction of a certain pressure on the probability to reach an ecological target (Borja et al., 2010) . Moreover, the measures taken to achieve a GES also need time to take effect. Such time lags have to be accounted for if a GES is to be achieved by 2020, as requested by the MSFD.
Concluding remarks
The aim of this paper is to present the economic requirements of the MSFD and to analyze which effects these requirements could have on the environmental effectiveness of the MSFD.
To this end, we analyze the existing valuation literature, focusing on one of the most important threats to European marine and coastal waters: eutrophication. We assess and reconsider the approaches and applications of environmental valuation in combination with background knowledge from natural sciences, and take into account the ecosystem-based approach, which is required by the MSFD and based on the suggestions of MEA and TEEB.
To conclude, we state that the implementation of the MSFD requires more coordinated research, so that studies to evaluate benefits can be carried out across countries using comparable, state-of-the-art valuation methods. This could also include the combination of different valuation methods, e.g. of stated and revealed preference methods, to gain more reliable benefit estimates. Moreover, integrated modeling will be of utmost importance to link bio-geophysical and socio-economic systems and to trace the effects of changes in the marine environment to their impact on benefits.
Moreover, we identify a considerable risk that the MSFD might fail to achieve its environmental targets. In particular, the problems related to capturing all benefits related to pressure reductions in the marine context might induce an underestimation of the related benefits and a relative overestimation of the related costs. Consequently, the CBR defined to represent disproportionate costs should be high enough, i.e. at least higher than in the context of the WFD, to reduce the number of situations in which exceptions to implement improvement measures are granted even though benefits are underestimated. This becomes even more severe if one takes the possible but uncertain existence of non-linearities and threshold effects into account. This calls for a conservative approach when benefits and costs are weighted against each other. Where benefits cannot be monetized, economic analyses should be complemented by qualitative assessments.
Appendix: Short summaries of the valuation studies
Studies that value eutrophication effects in the Baltic Sea region
Besides the work of the BalticStern project, the results of which have not been published yet, the work by Kosenius (2010) , Vesterinen et al. (2010) , Ahtiainen (2009), and constitute the most recent approaches to evaluating eutrophication effects in the Baltic Sea. 15 A special focus of these studies is on the trans-boundary nature of eutrophication and on the benefits and costs of water quality improvements likely to occur in Finland. Kosenius (2010) estimates the magnitude of benefits from three selected nutrient reductions in the Gulf of Finland for the Finnish people by applying a CE. The data were analyzed using three different econometric approaches, namely the multinomial logit (MNL), the random parameters logit (RPL) and the latent class (LCM) model. The paper incorporates natural science knowledge by using results from an ecological simulation model. Moreover, it takes into account that necessary reductions in nutrient loads will also have to take place in the neighboring countries, e.g. Estonia and Russia. However, the paper also acknowledges that there are still considerable knowledge gaps regarding the link between objective improvement of quality indices and the quality improvements as perceived by people as well as the actual link between quality attributes and actual nutrient reductions necessary to achieve certain quality improvements. 15 Huhtala et al. (2009) provide a recent meta-analysis of studies that value the impact of water quality changes on recreational activities related to the Baltic Sea. They also categorize and analyze the ecosystem services provided by the Baltic Sea and assess the feasibility of CBA in the context of selected examples. Moreover, they present a prototype stochastic simulation model for projecting the development of nutrient budgets, damages from eutrophication, and the costs of abatement activities in the Baltic Sea. 16 Updated results are presented in Atkins, Burdon and Allen (2007).
(2003), which provides the natural science foundation to determine reference conditions of the Fjord to define its GEcS according to the WFD. The costs of achieving the GEcS are borne predominantly by Danish farmers. The study presents some cost estimates for reducing nutrient loads from the implementation of former action plans as well as cost estimates from a study by Gren (2000) . The focus of the study is on assessing individual preferences for water quality improvements in the Fjord by carrying out a CV study. The paper only evaluates the benefit for recreationalists derived from higher water transparency. Benefits for recreational anglers from possibly increased catches are mentioned but not evaluated.
Like Kosenius (2010) , Eggert and Olsson (2003) employ a CE to value changes in the state of the Baltic Sea. They consider the waters along the Swedish West Coast and use the attributes biodiversity, fish stocks and bathing water quality. The WTP for improving fish stocks refers to an increase in per hour catch from 2kg to 100kg of cod. The WTP for improving water quality refers to reducing the number of beaches that fail to pass standards from 12% to 5%.
In particular, they note that the WTP to avoid the reduction of biodiversity from a medium to a low level (~160€) is higher than the WTP to improve biodiversity from a medium to a high level (~68€). Olsson (2004) carries out a CV study for evaluating the benefits of improved cod stocks along the Swedish West coast. The WTP for improving cod stocks refers to an increase in per hour catch from 2kg to 100kg of cod, as in Eggert and Olsson (2003) . Söderqvist and Scharin (2000) estimate recreational benefits of reduced eutrophication in the Stockholm archipelago by applying the CV method. Sight depth was used as an indicator for water quality. Soutukorva (2005) examines how improved water quality affects the demand for recreation in the same region, also using sight depth as an indicator for water quality.
Benefits from reduced eutrophication are elicited using the TC method combined with estimating a RUM. Sandström (1996) also uses the TC method to elicit the benefits from reduced eutrophication along the Swedish coast and applies a RUM based on data gathered from the Swedish tourism and travel data base (TDB). The latter addresses the link between sight depth and nutrient loads by running a simple regression of sight depth on water temperature as well as P and N concentrations. However, he acknowledges that this relationship should rather be established by natural scientists to account more accurately for the effects of changing nutrient concentrations on sight depth.
The remaining primary studies date back to the year 2000 or earlier and were carried out mostly in the context of the Baltic Drainage Basin Project (BDBP). The BDBP followed an interdisciplinary approach that incorporates natural sciences and socio-economic aspects to evaluate the cost and benefits of reducing nutrient loads and thus eutrophication in the Baltic Sea. Nutrient loads are modeled using geographical information systems (GIS) for the whole drainage basin of the Baltic Sea. The link to nutrient concentrations in the Baltic Sea is established empirically by analyzing historical data. Cost-effective bundles of measures are defined for nutrient-reduction policies. Benefits were estimated using CV and TC methods in Poland and Sweden. These estimates were then transferred to other countries within the drainage basin to estimate basin-wide benefits. These were compared to basin-wide costs. The results are based on the assumption that a 50% reduction in N and P loads will restore a GEcS of the Baltic Sea comparable to that during the 1960s Gren, Söderqvist, and Wulff, 1997; Zylicz, 1999, Turner et al., 1999) . Zylicz et al. (1995) between different combinations of price and quantity. They assume (based on Gren, Söderqvist, and Wulff, 1997 ) that a 50% reduction in nutrient loads is consistent with the scenarios described by the five valuation studies on which they base their meta-analysis.
Furthermore they assume that such a reduction leads to concentration levels similar to those prevailing during the 1950s. However, there are considerable uncertainties related to this, including the possibility of non-linearities (Hökby and Söderqvist, 2003) . could arise when eutrophication is considered. However, these thresholds are not explicitly mentioned in the valuation study.
Studies that value eutrophication effects in the Mediterranean Sea region
Torres, Riera, and Garcia (2009) carry out a CE to value the effects of eutrophication on recreational activities in Santa Ponça Bay, Mallorca, Spain. The attributes used in the Spanish CE are similar to those used in Longo et al. (2007) but specifically adapted to conditions in Santa Ponça Bay. The attributes used are i.) water transparency, ii.) the duration of algal blooms, iii.) and the congestion of the beaches. There is no direct link to the reduction in nutrient inputs needed to achieve the water quality improvements described in the CE. Alberini, Zanatta, and Rosato (2007) consider recreational fishing in the Lagoon of Venice in the Mediterranean Sea. They use the TC method to estimate the increase in consumer surplus resulting from a 50% increase in catch rates, achieved by reduced pollution. In particular, Alberini, Zanatta, and Rosato (2007) use actual data and compare them to contingent behavior data, which they elicited via questionnaires. They do not find a significant difference between actual and contingent data. Kontogianni et al. (2003) consider the case of a wastewater treatment plant in Thessaloniki, Greece. They elicit the people`s WTP for maintaining this plant, which would induce water quality improvements in the adjacent Thermaikos Bay. Kontogianni et al. (2003) use the CV method with open-ended elicitation questions.
Studies that value eutrophication effects in the Black Sea region
Taylor and Longo (2010) carry out a CE to value the effects of eutrophication on recreational activities in Varna Bay, Bulgaria. The attributes used in the Bulgarian CE are similar to those used in Longo et al. (2007) but specifically adapted to conditions in Varna Bay. Theattributes used are i.) water clarity and visibility, ii.) the duration of algal blooms, iii.) and the congestion of the beaches. There is no direct link to the reduction in nutrient inputs needed to
